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Time resolved photoelectron spectroscopy (PES) is a powerful tool to study electronic structure and 
dynamics in solids, however up to now the experiments have been limited by the available photon energies. 
In the last two decades most measurements have been performed in the VUV spectral range and more 
recently, with the development of HHG sources, in the XUV spectral range [1]. FELs offer the unique 
possibility to perform core level photoemission experiments since they deliver photons across the full soft X-
ray energy range, allowing therefore deeper core levels to be investigated. Pioneering core level 
photoemission experiments at FLASH have revealed that vacuum space charge effects due to the high 
brilliance of the FEL source can cause severe changes in the measured spectra [2], therefore experimental 
procedures to control the space charge induced modifications of the spectra have been developed [3]. 
However the limitation of the developed approach [3] resides in the low detection efficiency of the Scienta 
SES 2002 hemispherical analyzer employed in the measurements. Moreover the single pulse information 
within a typical FLASH pulse train was not accessible due to the use of a 10Hz CCD camera as detector.  

We have performed a PES experiment on GaAs(100) at the PG2 beamline at FLASH by using a newly 
developed electron time of flight spectrometer (THEMIS 1000 WAL), capable to a factor of up to 100 
improved transmission, equipped with a four quadrant delay line detector (Surface Concept). FLASH was 
delivering 40eV XUV radiation (fundamental) in pulse trains of 400 pulses at 1MHz repetition rate. Third 
harmonic radiation (120eV), contained in the beam and consisting of about 0.6% of it [4], was selected by 
the 200 lines/mm grating (first order diffraction) and employed for the PES measurement. Moreover the 
beam was further attenuated, by using the FLASH gas absorber and Al filter foils, to about 106-107 photons 
per pulse impinging on a 300x2000 μm2 spot on the sample. This intensity range had revealed to be 
successful in previous measurements to control space charge induced spectral modifications and the number 
of detected electrons per pulse train has been shown to be an appropriate flux monitor [3]. This remains valid 
in the present setup as shown in Figure 1A, where the correlation between the GMD signal (FLASH flux 
monitor) and the number of detected electrons per pulse train (flux monitor in our experimental setup) is 
presented. However the SASE process originating the FEL radiation is known to be responsible of strong 
intensity variations across the pulse train [4], therefore the number of detected electrons per pulse available 
only with the new detector setup allows a better control on space charge effects. In Figure 1B the Poisson 
distribution of the detected electrons per pulse across the measurement is shown: most of the shots originate 
one to two counts in the detector. The photoemission spectrum in Figure 1C (bottom trace, red) has been 
finally obtained by accumulating only shots originating one count in the detector per pulse. The Ga 3d, As 
3d and valence band can be identified in the spectrum in the 60 to 120eV kinetic energy region. At higher 
kinetic energy (180-240 eV range) a replica of the spectrum is visible. We attribute this structure to the 
photoemission induced by the sixth harmonic radiation of FLASH selected by the second order diffraction of 
the PG2 monochromator. To further study the higher harmonic contribution in the FLASH radiation we have 
performed measurements by using pink beam. The upper trace (black) in Figure 1C is obtained by 
introducing in the beampath a 500 nm Zr filter to reduce the high space charge contribution of the 
fundamental (40eV) in the PES spectrum. Replica of the monochromatic spectra are clearly visible, allowing 
therefore a full characterization of the harmonic content of the FLASH beam 

By using the split and delay unit (SDU) installed in the PG2 beamline and the possibility of selecting the 
higher harmonics by inserting appropriate filters in the SDU [5], we have also performed a two color pump 
probe experiment (40 eV pump- 120eV probe) on GaAs(100) to study the carrier dynamics on the fs to ps 
timescale. The data are still under evaluation. 

 



 

 
  

 

Figure 1: A) GMD Tunnel electron signal averaged per pulse train vs average detected electrons in the 
THEMIS WAL 1000.  B) Histogram of the detected electrons per pulse. C) PES spectra of GaAs(100) with 
monochromatic (upper trace) and pink beam (bottom trace) obtained by selecting only shots with one 
detected electron. The traces have been offsetted for clarity and different scaling has been applied to the two 
energy regions.  
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